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Abstract.The formation of albino plants is among the major hurdles against using the anther culture 
and isolated microspore culture to produce homozygous plants for new valuable cultivars. 
Regeneration of albino plants is a phenomenon associated with cereal in vitro culture. The ability to 
form a high percentage of green plant has been found to show a considerable genetic component. 
Researches with anther culture response from reciprocal crosses between high and low responsive 
lines established that the genes for embryo and green plant formation in wheat and barley are mainly 
chromosomally inherited. Molecular markers, were used to locate the genes responsible for green 
plant formation. There were identified three QTLs on wheat chromosomes 2AL (QGpp.kvl-2A), 2BL 
(QGpp.kvl-2B.1) and 5BL (QGpp.kvl-5B) that affects the capacity of regeneration of green plants from 
anther culture in a double haploids population of wheat (Ciano x Walter). Subsequently, two double 
haploid lines, CW204 and CW219 from the original mapping population Ciano x Walter were used as 
parents to establish a mapping population segregating for the QTL region on chromosome 2BL 
affecting green plant formation to confirm location of the QTL on 2BL. The approximately 30 cM 
chromosomal region on the long arm of 2BL, associated with the green plant formation, was mapped 
before, with a number of microsatellite markers. In this study there are mapped some other 
microsatellite markers on the long arm of the chromosome 2B, to generate a more dense map of the 
region of interest, in order to locate more exactly the gene responsible for the green plant formation in 
wheat. 
 
INTRODUCTION 
 
Hexaploid common wheat (Triticum aestivum) is one of the most important crops in 
the world. The wheat genome is composed of three related diploid genomes designated A, B 
and D with seven chromosomes each (2n = 6x = 42). Due to its extremely large genome size 
(~13.5 giga bases), whole-genome sequencing was not yet performed (Conley et al. 2004), but 
comparative analysis based on genetic, cytogenetic, and physical maps and DNA sequence 
information provides new insights into the evolution of plant nuclear and organellar genomes. 
Double haploid formation technique, in the case of wheat is an effective tool to reduce the 
time needed to develop homozygous genotypes (Kozup et al. 1997). 
The formation of albino plants is among the major hurdles against using the anther 
culture and isolated microspore culture to produce homozygous plants for new valuable 
cultivars. Regeneration of albino plants is a phenomenon associated with cereal in vitro 
culture. The ability to form a high percentage of green plants has been found to show a 
considerable genetic component. Researches with anther culture response from reciprocal 
crosses between high and low responsive lines established that the genes for embryo and 
green plant formation in wheat and barley are mainly chromosomally inherited (Tuvesson et 
al., 1989, Larsen et al., 1991). In hexaploid wheat the use of translocation lines (Henry and De 
Buyser, 1985), substitution lines (Szakacs et al., 1988, Agache et al., 1989, Ghaemi et al., 
1995) or nullisomic-tetrasomic and ditelosomic lines (De Buyser et al., 1992) enabled 
identification of chromosome and chromosome arms effecting embryo formation and green 
plant regeneration. A study, using molecular markers, identified QTLs for green plant 
formation on the 2AL, 2BL and 5BL chromosomes of wheat (Torp et al., 2001).  
Microsatellites, or simple sequence repeats (SSR), are genetic markers derived from 
tandem repeated oligonucleotide repeats such as (GA)n or (GT)n ranging from 1bp to 6 bp in 
length (Röder et al. 1998). SSRs are variable, co-dominant and PCR-based molecular 
markers. So far, they have been developed and widely used for the construction of genetic 
maps, marker-assisted selection (MAS) and estimation of the genetic diversity in rice (Cho et 
al. 1998), maize (Sharopova et al. 2002) and barley (Ramsay et al. 2000). Microsatellites are 
widely used because they are user-friendly, high polymorphic, and usually locus-specific (Liu 
et al. 1996). They detect a much higher level of genetic variation than any other class of 
markers. Such markers are especially crucial for genetic analysis in organisms with a narrow 
genetic base.  
In this study we mapped more microsatellite markers on the long arm of the 
chromosome 2B, to generate a more dense map of the region of interest in order to locate 
more exactly the gene responsible for the green plant formation in wheat.  
 
MATERIALS AND METHODS 
 
From the original mapping population Ciano x Walter, two double haploid lines were 
used as parents, CW204 and CW219. CW204 carries the green type allele from Ciano and 
was previously showed to produce 48% green plants, and CW219 carries the albino type 
allele from Walter and previously yielded approximately 29% green plants. The two parental 
lines were selected from the mapping population so that both parents carry the green type 
allele in the two other QTL areas for green plant formation on chromosome 2AL and 5BL in 
Ciano x Walter, but segregate for the QTL on 2BL (Torp et al., 2001; Torp et al., 2004,).  
The double haploid population consists of 168 lines. The seeds were sown in 
greenhouse in October. After two weeks we extracted DNA from the plant leaves of all 168 
lines. After extraction, DNA was measured with a spectrophotometer. The samples were 
diluted 1:10 (10 µl DNA extract to 90 µl of ddH2O) and used for DNA determination with 
GeneQuant pro RNA/DNA Calculator spectrophotometer. At the end the DNA extract was 
diluted for obtaining the same concentration (20 µg/µl) in all samples. 
In this experiment we worked with 22 microsatellites, selected to locate in the 2BL 
chromosome from the Graingenes database (http://wheat.pw.usda.gov/ggpages/maps.shtml) 
using PCR protocols for SSR and RAMP markers. The RAMP protocol was used for directly 
labelled primers. The SSR markers have M13F or M13R tail incorporated in the forward 
primers, which together with a labelled M13F or M13R primer during PCR produce labelled 
amplifications fragments. PCR reactions used reaction volumes of 10 µl in 0.6 ml PCR tubes 
on a Hybaid Touchdown Thermocycler (Hybaid Limited, UK). Temperature profile for 
selective amplification for SSR protocol was: one cycle of 120s at 94°C, 30 cycles of 60s at 
94°C, 60s at 52°C (56°C, 60°C for the others annealing temperature) followed by 8 cycles of 
60s at 94°C, 60s at 55°C and 60s at 72°C. For the RAMP protocol the temperature profile of 
PCR was a little different: one cycle of 120s at 94°C, 31 cycles of 60s at 95°C, 60s at 52°C 
(or 55°C and 60°C for the annealing temperature of 55 and 60), 60s at 72°C, followed by one 
cycle of 300s at 73°C. 
For gel analysis on the Licor (DNA Analyzer Gene Reader 4200), PCR-reactions were 
mixed in wells: 2 µl of PCR reaction mix with 5 µl of formamide loading buffer or 1 µl of 
PCR reaction mix with 5 µl of formamide loading buffer. The formamide loading buffer 
composition is 98% deionized formamide, 0.5 M EDTA pH 8.0, bromophenol blue. The 
reactions prepared in this way were then denaturated in the PCR machine for 5 minutes. The 
acrylamid gel (4.5%) was 0.2 mm thick and a composition of 20 ml acrylamid stock 4.5%, 20 
µl TEMED and 166 µl APS (ammoniumpersulfate 10% concentration). It was loaded 0.2 µl of 
the DNA-buffer mixture on the gel and run on the LICOR machine. For finding the molecular 
weight a size standard was used, which consisted of PCR amplified fragments labelled with a 
fluorescent dye. For each microsatellite marker, scores of individual plants were recorded as 
homozygous for the green type (A), homozygous for the albino type (B) and U for the 
missing samples. The software JoinMap version 3.0 (Van Ooijen and Voorrips, 2001) was 
used for map construction and calculation of map distances with the Haldane mapping 
function.  
Also agarose gels (4 g agarose SEAKEM, 200 ml 1 x TBE buffer) were used for 
testing some of the amplification products. For this analysis 8 µl of PCR sample were mixed 
with 2 µl of 6 x loading buffer for agarose gel (xylene cyanol 0.25%, bromophenol blue 
0.25%, glycerol 30%, ddH2O). GeneRuler (SM1173, Fermentas, concentration 0.5 µg/µl) 
ladder for agarose gel (100 µl marker 0.5 µg/µl, 167 µl 6 x loading buffer for agarose gel, 733 
µl ddH2O) was used to determine the molecular weight. The gel was run for 40 minutes in the 
electrophoresis chamber at 140 V. Subsequently the gel was put to staining in ethidium 
bromide (0.5 µg/ml concentration) for 30 minutes and photographed in UV light with 
GeneGenius image capture system (Syngene).  
  
RESULTS AND DISCUSIONS 
 
The makers used in this experiment are described in table 1, with their primer tail and 
sequence, microsatellite composition, supposed size of amplification product, and the 
programme and annealing temperature used for the PCR reactions. Those markers were first 
tested for different annealing temperatures and PCR programmes to see if they are 
polymorphic or not. In table 1 are presented the results of those experiments.   
Out of the 22 markers used, 13 markers showed polymorphism, 12 on the acrylamide 
gel (Xwmc592, Xwmc477, Xgwm319, Xgwm271, Xbarc160, Xbarc128, Xgwm388, 
Xgwm120, Xwmc175, Xgwm526, Xbarc124, Xbarc361) and one marker (Xgwm47) on the 
agarose gel. 
The polymorphic markers were analysed on agarose gel with the nulli-tetrasomic lines 
(N2AM2B, N2AT2D, N2BT2A, N2BT2D, N2DT2A, N2DT2B) of wheat to determine which 
amplification products were not amplified with the nulli-tetrasomic 2B lines. Such results 
were obtained with markers Xbarc160, Xwmc592, Xgwm120, Xgwm271, Xbarc128, 
Xwmc477, Xwmc441, Xbarc101, Xgwm501, Xgwm47 and Xbarc18. 
Most of the markers studied amplified with the SSR temperature protocol but there 
were also some markers for which we used the RAMP protocol (Xgwm388. Xgwm319, 
Xgwm526, Xwmc175). Markers Xbarc101, Xwmc51, Xwmc441 and Xgwm382, were not 
entailed, or labelled, so they were used only on the agarose gel. For these markers both SSR 
and RAMP protocols were tried. Unfortunately they showed no polymorphism. Also 
Xwmc245, Xwmc498 and Xcfd73 did not present polymorphism in the present cross. For 
markers Xgwm501 and Xbarc18 we tried different PCR protocols, changing the M13 tail, 
protocols with or without BSA, at different annealing temperatures but we could not get them 
to work. This may be due to the labelling of the primers. 
 
Table 1. 
Description of the SSR markers used in the study 
Locus Primer tail 
Primer sequences 
(5´→3´) 
Microsatellite 
composition 
Fragment 
size (bp) 
Tm 
(°C) Programme 
Polymorphim 
 
Wmc477 M13F CGTCGAAAACCGTACACTCTCC (GT)? 158 56 SSR Yes 
Wmc245 M13R GCTCAGATCATCCACCAACTTC (CA)? 150 60 SSR No 
Wmc592 M13F GGTGGCATGAACTTTCACCTGT  276 52 SSR Yes 
Wmc498 M13R CGATGAAGAGAGCCATCAAAA (GT)? 136 56 SSR No 
Barc361 M13F TGCAGGCTAGATTGGGCGACGAT  261 52 SSR Yes 
Barc18 M13R, M13F 
CGCTTCCCATAACGCCGAT
AGTAA 
 
(TAA)20  52 SSR No 
Barc128 M13F GCGGGTAGCATTTATGTTGA   52 SSR Yes 
Barc160 M13R AAAGGCCCATCAACATGCAAGTAC (ATT)11  52 SSR Yes 
Barc124 M13F TGCACCCCTTCCAAATCT   60 SSR Yes 
Cfd73 M13R GATAGATCAATGTGGGCCGT (CT)19 242 52 SSR No 
Gwm271 M13F CAAGATCGTGGAGCCAGC (GT)? 292 52 SSR Yes 
Gwm47 M13R, M13F TTGCTACCATGCATGACCAT  141 52 SSR Yes 
Gwm120 M13F GATCCACCTTCCTCTCTCTC  165? 52 SSR Yes 
Gwm501 M13R, M13F 
GGCTATCTCTGGCGCTAAA
A 
 
(GT)? 223 56 SSR No 
Gwm388  
CTACAATTCGAAGGAGAGG
GG 
CACCGCGTCAACTACTTAA
GC 
(CT)4(CA)11 157 60 RAMP Yes 
Gwm319  
GGTTGCTGTACAAGTGTTC
ACG 
CGGGTGCTGTGTGTAATGA
C 
(CT)11N13 
(CT)6 172 55 RAMP Yes 
Gwm526  CAATAGTTCTGTGAGAGCTGCG (CA)? 188 55 RAMP Yes 
Wmc175  GCTCAGTCAAACCGCTACTTCT (CA)? 253 52 RAMP Yes 
Barc 101  GCTCCTCTCACGATCACGCAAAG   52 SSR, RAMP No 
Wmc51  TTATCTTGGTGTCTCATGTCAG  89 52 SSR, RAMP No 
Wmc441  TCCAGTAGAGCACCTTTCATT  158 52 SSR, RAMP No 
Gwm382  CTACGTGCACCACCATTT   52 SSR, RAMP No 
Primers sequence:  
M13F:  CACGACGTTGTAAAACGAC 
M13R:  GGATAACAATTTCACACAGG 
 
For map construction we used Joinmap 3.0 software and calculation of the map 
distances was made with Haldane´s mapping function. On the map produced for wheat 
chromosome 2BL there are 11 markers (Xwmc592, Xwmc477, Xgwm319, Xgwm271, 
Xbarc160, Xbarc128, Xgwm388, Xgwm120, Xwmc174, Xgwm47, Xgwm526) (fig. 1). 
 
                           
       Fig 1. Map of 2BL chromosome in wheat made using the Haldane mapping function. . Figures to 
the left are position in cM, to the right are names of markers. 
  
The map obtained was compared with other SSR maps in wheat by using the 
GrainGenes Data Base and other literature (http://wheat.pw.usda.gov/ggpages/maps.shtml; 
Torada et al., 2006, Liu et al., 2005) and we concluded that it is reliable. On these maps there 
are also some of the markers used in this study. By comparing the maps it is visible that the 
markers studied are locating in similar sequence along the 2BL chromosome. 
There were identified three QTLs on wheat chromosomes 2AL (QGpp.kvl-2A), 2BL 
(QGpp.kvl-2B.1) and 5BL (QGpp.kvl-5B) that affects the capacity of regeneration of green 
plants from anther culture in a double haploids population of wheat (Ciano x Walter) (Torp et 
al., 2001). The approximately 30 cM chromosomal region on the long arm of 2BL associated 
with the green plant formation was mapped before, with a number of microsatellite markers, 
by Torp et al. in 2004. This study confirms the presence and location of a QTL (QGpp.kvl-
2B.1) for green plant formation on wheat chromosome 2BL. The approximate 95% 
confidence interval for the QTL location was around 30 cM in this study, however, the most 
likely position of the QTL is approximately 16 – 18 cM from the marker Xgwm319, between 
the two markers Xgwm388 and Xgwm120 (Torp et al., 2004).  
  
CONCLUSIONS 
 
The map realized in this study extends the number of markers in the region of interest. 
So, in this case the QTL for green plant percentage may be localised between Xbarc128 and 
Xgwm47 (fig. 1). 
With the help of this new map it was possible to search more recombination between 
the markers Xbarc128 and Xgwm47 and find a more precise location of the gene that is 
wmc592 0 
wmc477 14
gwm271 24
gwm319 28
barc16035
barc12841
gwm388 50
gwm120 51
gwm47 60
wmc175 75
gwm526 104
 
responsible for green plant formation. In this way it is possible to choose the lines more fit for 
further mapping of the QTL of our interest.  
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